was used to treat lesions in the posterior fossa, 4 this is the first known instance in which robotic assistance was used.
Case Report

History and Presentation
The patient was a 60-year-old man with a history of anaplastic astrocytoma that had been treated using radiosurgery 11 months prior to presentation. During the last month prior to surgery, he developed dysarthria and rightsided cranial nerve V, VI, and VII palsies; MR spectroscopy indicated possible radiation necrosis in the right cerebellar peduncle abutting the pons (Fig. 1A) . The patient was put on temozolomide and high doses of Decadron, but he continued to experience symptoms. LITT was discussed as treatment instead of resection because the lesion was determined to be in a difficult location to resect and the potential for increasingly worse symptoms was significant. Additionally, the lesion was amendable to LITT due to its tubular shape.
Treatment
A preoperative MRI study was uploaded to the ROSA robot, and a safe trajectory between the entry point and target area that avoided major sinuses was planned. The patient underwent general anesthesia and his head was placed in a Leksell frame (Elekta, Inc.) that was fixed to the ROSA robot. The Leksell frame was preferred because it was compatible with the robot (the frame was not used for navigation). The patient was then flipped into a prone position. Skull fiducials were placed around the right posterior fossa in the suboccipital region (Fig. 2 ) before an intraoperative CT scan was acquired, which was used for robotic navigation and registration. The robot, which consisted of an arm and computer screen, was locked into position once a satisfactory registration was achieved (fewer than 2 mm in this case).
The entry site was prepared before an incision at the entry point was made (Fig. 1) . Because of the location of the laser cannula ablation placement and the thickness of the muscle within this region, an open cut down to the bone had to be performed. With assistance from the robot, a hole was drilled (approximately 1.65 mm in diameter) through the bone at the entry site, exposing the dura mater. Once the site was coagulated, a needle biopsy of the lesion was performed and the sample was sent for analysis. The pathological diagnosis was radiation necrosis with sparse cells of high-grade glioma.
The Visualase Thermal Therapy System (Medtronic) consists of a 15-W, 980-nm wavelength diode laser, a cooling pump, and a disposable laser applicator set. 7, 19 A skull bolt was placed and secured into the entry point. A cannula was passed through the bold incision and advanced to the predetermined depth. The laser was then placed within the cannula and secured. The patient was then taken while intubated to the MRI suite for the remainder of the procedure.
After confirmation of the proper laser applicator position, ablation of the lesion commenced. Designated "safety points" within the system would shut off the laser if the protected cerebral structures reached temperatures of 50°C, or if an exceedingly high temperature (e.g., 90°C) was reached near the laser applicator or surrounding parenchyma. The laser was pulsed at approximately 9 W for 60-to 90-second intervals (see Fig. 2 ). After the lesion was adequately ablated, the laser cannula and bolt were removed and the wound was closed completely.
Postoperative Course
The patient tolerated the procedure well. There were no immediate complications. He was extubated and taken to the postanesthesia care unit postoperatively in stable condition. He had no adverse events related to the surgery and was discharged the next day without complications. Immediately after surgery, his steroid dosage was increased and then slowly tapered over 2 weeks. Two months postoperatively, imaging showed complete ablation of the lesion (Fig. 3) . The patient has had significant improvement in his neurological status, with improved facial nerve function and improved strength in his right arm and leg. His Decadron requirement was decreased, and he stated improvement in headaches. At 4 months, the patient stated that he is still seeing gradual improvements.
Discussion
This is the first known instance in which robot-assisted LITT was used to ablate radiation necrosis and a highgrade glioma in the posterior cranial fossa. One of the main reasons the robot provided a technical advantage was that the best course of treatment required an unusually low trajectory that fell below the 3D space above the plane of the arc, which made conventional modalities more difficult due to potentially unreliable and inaccurate coordinates. However, by using the ROSA robot, we were able to perform the procedure in an "arc-less" manner and use an optimal trajectory to treat the lesion. While there are other methods that could have been considered (e.g., Brainlab VarioGuide, Clear Point, etc.), this study showed that robotic assistance was possible.
FIg. 1. A: Preoperative axial MR image showing infratentorial lesion. B:
The patient in the Leksell head frame with skull fiducials in place. C: Insertion of the laser cannula and bolt intraoperatively. D: The patient being placed within the MRI scanner.
Other advantages of using the ROSA robot were its high accuracy, precision, and consistency while also maintaining patient safety. The robot calculated all the trajectories and distances without human intervention, which prevented human or translational errors and likely increased accuracy and thus patient safety. Indeed, our experience at the University of California, Irvine, has been that the robot provides accurate results, which was consistent with the assessment made at several other centers that use robotic stereotactic procedures. 5 Furthermore, recent evidence has shown that robot assistance in stereotactic procedures has been a safe alternative to conventional techniques. 1 The ROSA robot allowed for the incorporation of registration and navigation into one system that likely streamlined an efficient procedural workflow. Lastly, one of the major advantages of using the robot was that minor adjustments could be made to the entry point within a 3D plane, unlike conventional arcbased approaches that would have relied on complete readjustment for movements outside of a singular fixed plane. This flexibility in adjustment could reduce some delays that accompany conventional arc-based techniques.
Recent evidence has shown that LITT is a viable option for treating radiation necrosis. 13, 14 Radiation therapy has been an integral part of treating certain cancers like highgrade gliomas, and a risk was the development of radiation necrosis. 18 Potential therapies include medicine (e.g., high doses of cortical steroids or monoclonal antibodies 16 ) and resection; for patients who are not strong candidates for surgery and who have medically refractory radiation necrosis, LITT is potentially an alternative. 7, 13 For instance, Torres-Reveron et al. used LITT to successfully treat two cases of cerebellar lesions in which one patient tested positive for tumor recurrence and the other for radiation necrosis. 19 Our report provides further evidence that LITT is a viable treatment option when more conventional therapies are contraindicated.
Using robotic assistance requires alterations to the conventional workflow. The ROSA robot requires skull fiducials to complete registration, which likely gives it a technical advantage in terms of accuracy and precision over other laser-guided navigational systems that are routinely used in stereotactic procedures. However, this requires additional time and imaging (e.g., CT), which is uploaded to the robot to fuse with the MR image. Finally, the addition of robotic guidance and skull fiducial application increases the length of time for the surgery but also allows for a high level of accuracy, which is required for laser ablations this close to the brainstem and cranial nerves.
Conclusions
Robotic stereotactic surgery is becoming more popularized in neurosurgery, especially for stereoelectroencephalography. Other navigation/trajectory planning systems such as Brainlab VarioGuide or arc-based targeting strategies are more commonly used by neurosurgeons for stereotactic procedures and the benefits and drawbacks of each system have been well described. 15 The purpose of this study is to demonstrate a novel means to perform posterior fossa laser ablation of radiation necrosis using robotic stereotactic guidance. We feel that the combination of laser, robot, and posterior fossa radiation necrosis is novel and will likely provide neurosurgeons with an alternative approach to treat this type of pathology. Future studies will be required to assess how robotic treatment options compare with other techniques in terms of accuracy, efficacy, and time required.
